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Abstract 
The use of modeling methods based on ab-initio approximations determines some ways of obtaining non-molecular nitrogen by 
excitation of UV radiation and subsequent self-formation of clusters. The paper illustrates the possibility of their stabilization by 
the example of cluster Cg-nitrogen, and decreasing their sensitivity through the passivation of superficial radicals by carbon-
hydrogen molecules and making a protective shell round non-molecular nitrogen. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
1.1. Polymeric non-molecular nitrogen 
The search for high energy density materials (HEDM) is an acute problem. For instance, there has been a series 
of theoretical and experiment works on producing non-molecular structures in the form of polymeric nitrogen 
synthesized from usual molecular gas N2 Mailhiot et al. (1992), Eremets et al. (2001), (2004). This substance has a 
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phase Gosh structure (Cg). Cg-N has been prepared at little quantity (about 1016–17 atoms) via the compression of 
atmospheric nitrogen under 115.4 GPa pressure into a diamond anvil cell at temperature ~ 2000 K. 
This type of HEDM is characterized by some specific features. The power of Cg-N is 5 times greater than of any 
other HEDM, with a detonation velocity of 19.740 m/s, a density of 3.1 g/cm3, a detonation pressure of 3.140,000 
times atmospheric one, a bulk modulus of 300 GPa, a heat of formation of 6673 cal/g and no environmental toxicity 
as it decomposes into atmospheric nitrogen. Cg-N is so energetic that 1 cm3 of it contains 34 kJ of energy.  
Potential applications of polymeric nitrogen are of great importance because it stores an ultimate amount of 
chemical energy. In case of using polymeric nitrogen as a rocket fuel, the rocket mass would decrease essentially.  
Polymeric nitrogen is synthesized and stabled only under high pressure. In experiments under decline of pressure 
non-molecular amorphous nitrogen was conversed to the molecular phase at P <50 GPa and 300 K Peiris et al. 
(2008). The results of all experiments show that the most probable amorphous and Cg- phases of non-molecular 
nitrogen are polymeric nitrogen in disorder or the crystalline structures respectively. But both phases are unstable! 
Instability develops when the samples are decompressed. Experimentally, under normal conditions, the pure 
nitrogen polymeric structure has not been produced yet.  
Stabilization is another complex problem. A number of obstacles prevent us from achieving stabilization, 
including the fact that stabilization of polymeric nitrogen should be reliable in order to avoid local initializations of 
the polymeric nitrogen decompositions, which can lead to a chain reaction and detonation of all volume of 
polymeric nitrogen. A key to the problem is to keep the liberation of energy of HEDM under control.  
Let us take a brief look at some methods of stabilization of polymeric nitrogen and the results published in the 
academic literature: 
x searching for more stable phases by the methods of ab-initio modelling; 
Some phases were discovered in the modelling of nitrogen at high pressure Refs. Mattson et al. (2004), 
Zahariev et al. (2006) , Zhang et al. (2006), Zahariev et al. (2007). The majority of the found structures of 
polymeric nitrogen were more metastable, than Cg-phase, i.e. they had more full energies of the system at 
normal pressure. An exception is the result in Ref. Zahariev et al. (2006) that shows that the CW phase appears 
to be more preferable than the Cg-phase in the small pressure field. 
x modeling of clearing radical superficial nitrogen atoms via hydrogen atoms Nordlund et al. (2004); 
However, at any temperatures hydrogen (present in the molecular form) cannot be localized in space therefore it 
also can interfere with the growth of a new phase.  
x using carbon nanotubes, graphene sheets and boron nanotubes to conserve nitrogen clusters Liu et al. (2010);  
A series of theoretical calculations has given positive results for possible stabilization of polymeric nitrogen, 
but there have been no investigations in terms of the energy reserved in these structures and the possibility of its 
release.  
All these physical methods of polymeric nitrogen conservation have not given any experimental results to make a 
stable structure of non-molecular nitrogen at normal pressure and the possibility of energy release.  
x in cryogenic chemistry, generating salts of high-nitrogen metals Christe (2007).  
These procedures turned out to be very expensive, although most productive. Most of the created salts proved to 
be very sensitive to exterior action and to possess high power consumption. 
2. Results 
2.1. Synthesis of non-molecular nitrogen cluster N4 from excited molecules N2 
In our calculations Elesin et al. (2009), (2010) one of the most effective quantum-mechanic computational 
methods – a method of the multi-configurational self-consistent field (MCSCF) was used. Unlike Hartry-Fok 
method (HF), the MCSCF method makes it possible to accurately calculate the quantities of energy barriers and the 
position of the saddles point, as well as other physical characteristics. Thus, reliability of the result is determined 
only by the size and quality of the basic set and the active space (AS). The valence approach was used for the AS 
(one active spatial molecular orbital in AS is accounted for one valence electron in a chemical combination). The 
AS size was [12, 12] for cluster N4 and so it provides a qualitatively correct description of the system N4 (D2H) 
energy for all interatomic distances.  
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The analysis of the spectrum N4 (D2H) has shown that when two N2 molecules being at the basic states 1Σ+g 
approach each other, the quantity of a potential barrier is approximately 10 eV. The barrier was much less at 
excitation of one of N2 molecules. A significant decrease in the value Δε1 ≈ 0.25 eV has been calculated at the 
excitation of both interacting N2 molecules in some cases. The full elimination of the barrier has been found for 
interaction of states N2 (1Σ-u) and N2 (1Σu)). 
The reason for such a sharp reduction of the potential barrier at excitation of N2 molecules consists in that 
excitation leads to a transition of settling repulsing orbitals. These orbitals are responsible for establishing 
communication between N2 molecules. Out of the types of interest, the most prospective is the interaction of the 
excited states N2 (3 Σ+u) + N2 (3Δu).  
Dependence of system energy vs distances R between N2 molecules is shown on fig.1. The point A corresponds 
to medial distance R between N2 in liquid nitrogen. Point B is transition of molecules to the excited state by 
absorption of UF radiation with frequency hω1 ≈ 6.8 eV. Transition (B o C) is fusion of excited N2* to cluster N4* - 
without barrier. Transition (C o D) corresponds to removal of cluster N4* excitation by emitting photon with 
energy hω2 ≈ 3 eV of dark blue color. 
The state of cluster N4 with symmetry 1B2U received at interaction of molecules in such excited states has the 
geometry almost identical to the basic state of two molecules. The lifetime basic triple states N2 (3 Σ+u) are 
approximately 2 s Ref. Smirnov and Yatsenko (1996) that is a rather considerable value. 
So, certain combinations of excited states of nitrogen behave similarly to the clusters of the first sort Ref. Elesin 
et al. (2002), i.e. their spontaneous merging is possible without using ultrahigh pressures. Excitation should have a 
selective character, as the quantity of the barrier for the decay of cluster N4 in the basic state Δε
2 
≈ 0.34 eV is small 
enough to prevent the decay process at temperatures above Tcr≈1/5Δε
2 
≈ 700 K.  
Similar results have also been obtained for cluster N8 in the valence approximation approach to AS. 
Generating clusters of non-molecular nitrogen can be possible by means of selective excitation of molecules in 
liquid (solid) nitrogen at low temperatures. It is necessary to note that due to the lack of optical windows for far UF 




Fig.1 Dependence of system energy vs distances R between N2 molecules. Each curve corresponds to certain symmetry of a wave function.  
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2.2. Stabilization of clusters of non-molecular nitrogen by blanket of carbon-hydrogen molecules 
The instability of Cg-nitrogen because of the presence of radical atoms on its surface and transformation of the 
first order bonds to second (or 3-d) order for surface atoms are problems of the polymeric non-molecular nitrogen 
pieces with Gosh-structure. 
Earlier the passivation of radical on the free boundary of non-molecular nitrogen clusters (untied electrons of the 
superficial atoms) was made by using hydrogen atoms Nordlund et al. (2004). But hydrogen cannot be localized in 
space at any temperatures. It cannot be localized in liquid nitrogen either, besides it should be in the molecular state.  
This section suggests surface passivation by carbon-hydrogen radicals, which, for example, may appear at spirit 
decomposition on radicals (C2H5OH o CH3 + CH2 + OH). At temperatures of liquid nitrogen (77.4 K) spirit should 
be solid. Basically it is a possible to make the necessary vacuity filled by liquid nitrogen into it, for the subsequent 
excitation using UF radiation.  
At this stage we explored the stability of a nitrogen cluster with Cg-structure, which surface was passivated by 
molecules CH3. We also considered other types of the molecular shells. The present configuration is given as an 
example. The calculations were made by the DFT (GGA - PBE - UHF) method by Granovsky, all electrons being 
included in the calculations. 
               
Fig.2 Cluster Gg N51 - 27 (CH3) (at the left) and 3D-image of electrostatic potential of the system (on the right) 
This system contains a nitrogen Cg-phase inside (Fig. 2a). On the surface there are CH3 molecules. These 
molecules passivate all unpaired radicals of the Cg-phase surface. Thus on the surface there are positively charged 
atoms of hydrogen, therefore they have local positive potential. The Milliken charge of subsurface nitrogen atoms is 
negative. Such a system is similar to biological objects with a double bipolar blanket. The calculations of the 
oscillation spectrum show that such a system should be stable: a mode with the minimum frequency Q1 = 81 cm-1 
corresponds to shell gyration, a mode with the maximum frequency Qm = 2978 cm-1 corresponds to radial oscillations 
of hydrogen atoms.  
Calculations of free energy of the system with such oscillation spectrum indicate on its stability up to the 
temperatures to an order 1000 K. The heating of the system to 1500 К leads to its decay. The kinetic energy released 
from fission products corresponds to Tk | 3700 К. The products of decay of this cluster were N, N2, CH3, CH3-N, 
CH3-N=N-CH3 and some larger pieces. The energy released at decay to smaller parts corresponds to the clusters of 
the 2-nd type Ref. Elesin et al. (2002). In our calculations Degtyarenko et al. (2014) for CL-20 of decay, the 
resulting effect of heating was essentially lower at a similar stage. 
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3. Conclusions 
Having used the ab-initio simulation, we estimated some concepts of non-molecular formation. Non-molecular 
nitrogen clusters may be formed by exciting molecular nitrogen using UF radiation without compression and the 
subsequent self-formation of clusters. 
We were also able to show the possibility of their stabilization by the example of cluster Cg-nitrogen in shell 
СН3. By modelling depression of sensitivity at the expense of passivation of the superficial nitrogen radicals by 
carbon-hydrogen molecules, a blanket around non-molecular nitrogen was established.  
The considered mechanisms could be applied to ensure understanding of some phenomena in experiments by 
Kirko et al. (1992). It has been established by Kirko et al. (1992) that at interaction of capillary and arc discharges 
(which radiation contains UF radiation) with liquid nitrogen (after the termination of discharges), globe shone 
formations (LSF) in diameter to 5 mm and a lifetime up to 30 s has been generated. These formations usually radiate 
dark blue (less often yellow) light. They are capable of moving freely in the volume of liquid nitrogen, or to be in 
rest on an interior surface of a container. 
It was established that volume afterglow of a container with liquid nitrogen (caused by action of discharges), 
glow of LSF (a little brighter and longer), and also a glow of porous materials under the influence of discharges 
have the luminescent nature. The greatest time of luminescence and radiant intensity was observed in foam rubber 
and polyvinyl, placed in liquid nitrogen. The duration of luminescence was up to 35 s, and the color was dark blue 
and yellow. The luminosity of luminescence was observed sufficiently without blackout of the room up to 5–10 s. 
Plexiglas luminescence in liquid nitrogen had a blue-violet color, and it was much feebler. 
It is necessary to note Ref. Kirko et al. (1992) that such substances as foam rubber and polyfoam possess major 
porosity, therefore it was possible to relate stronger luminescence of these substances to porosity presence. These 
experimental results may be improved as followed from results of this work.  
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